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(54) Computer wRh self-configuring video circuitry 

(S7\ The setf-configuring video circuit permits connection to a variety of monitor types without the need for a separate video 
Sd ^jSS^f^ compatible with the specie monitor type. The computer «f^^^£^ 
7e computer to which it is coupled, then configures its internal circuitry to provide compatible video - signals to the monrtor 
^JampuSr includes a cent al processing unit CPU 1 3 for executing a program to proN.de video data for display on 
the fSSSS The data is stored in the computer in a random-access memory RAM 11. The monitor Provides an 
SSnXSn stanal MON ID to the video circuit which then provides both the appropriate video timing signals and the video 
& Se mS thereon. The identification signal is used to configure the video circuity m accordance w.th 

the requirements of the monitor. 




CPU 



At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal oopy. 
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COMPUTER WITH SELF-CONFIGURING VIDEO CIRCUITRY 

EiELB thf INVENTION 

This Invention relates to the field of video circuitry associated with 
digital computer displays; In particular, for microprocessor-based computer 
systems which provide a video signal for display on a CRT monitor. ■ 

PflCKPnmmiT fiE THf 'NVENTtON 

Today, microprocessor-based personal computers (PCs) find wide 
application in education, science, business and the home. As the use of 
personal computers becomes more widespread, the demand for faster and 
more flexible video features has also expanded. Consequently, computer 
20 manufacturers are diligently searching for ways to increase the 

performance and adaptability of video display systems while reducing the 

cost to the consumer. 

In general, the internal architecture of the personal computer is 
organized such that the central processing unit (CPU) Is housed on a 

25 printed circuit board which also contains system memory and supporting 
logic devices. This board is commonly referred to as a "motherboard". In 
the past, if users desired video graphics features, they necessarily had to 
purchase a separate video card which was designed to be plugged into a 
slot coupled to the motherboard across a connective bus interface. This 

30 card would contain dual-ported video random-access memories (VRAMs) 
which would be used to store the video display data later output to the 
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display device (i.e., a monitor). The video card would have its video timing 
circuitry configured for a particular type of monitor; that is, the card could 
only be used with that type of monitor and no other. This past approach was 
typical of machines such as the original Macintosh zi series computers, 
5 and is still in wide use today. 

The use of a separate video card, however, has several important 
disadvantages, perhaps the most fundamental limitation being that the user 
either needs a different video card for each type of display or monitor that 
the computer is connected to, or must somehow reconfigure the system 

10 (e.g., by flipping various selection switches) when changing monitors. For 
example, a computer utilized to produce an image on a 15-inch portrait 
color monitor requires one type of video card, while one coupled to a 
9-inch Black and White screen requires a different card. Thus, different 
monitors require matched video cards which ultimately reduce the flexibility 

15 afforded the user. 

As will be seen, the present invention obviates the need for different 
video circuitry, in the form of a separate video card or otherwise, 
associated with each type of monitor to which the computer is connected. 
Thus, a variety of monitor types may be employed without reconfiguring the 

20 internal video circuitry of the computer. 

The present invention accomplishes this by the use of self- 
configuring video circuitry which first identifies the type of monitor being 
used, and then selects one of a plurality of parameter sets corresponding to 
the type of monitor being used. These parameters are then supplied to the 

25 rest of the display circuitry. The present invention, therefore, permits 
connection to a variety of monitors without the need to replace any video 
circuitry. Ultimately, this results in greater convenience for the user, since 
there is no need to change cards, flip selection switches, or re-configure 
the computer system when changing monitors. 



fiMMMARV OF TH>= INVENTION 

A computer is described having a self-configuring video circuit 
which permits connection to a variety of monitor types. The computer 
5 automatically senses the type of the monitor to which it is coupled, then 
configures its internal circuitry to provide compatible video signals to the 
monitor. 

In one embodiment, the invented computer includes a central 
processing unit (CPU) for executing a program to provide video data for 

1 0 display on the monitor. The data is stored in the computer in a 

random-access memory (RAM). The monitor provides an identification 
signal to the video circuit which then provides both the appropriate video 
timing signals and the video data to the monitor for display thereon. The 
identification signal is used to configure the video circuitry in accordance 

1 5 with the requirements of the monitor. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully from the detailed 
description given below and from the accompanying drawings of the 
5 preferred embodiment of the invention, which, however should not be taken 
to limit the invention to the specific embodiment but are for explanation and 
understanding only. 

Figure 1 is a generalized block diagram of the computer system 
1 0 which embodies the present invention. 

Figure 2 is a detailed block diagram of the currently preferred 
embodiment of the present invention. 

15 Figure 3 shows various video timing signals and their associated 

video timing parameters. 

Figure 4 shows the video timing waveforms for a memory cycle in 
which video data is transferred from the system RAM to the video FIFO of 
20 the video circuitry. 

Figure 5a shows the bit ordering of video data in the shift register 
and the taps used for 1-bit-per-pixeI video. 

25 Figure 5b shows the bit ordering of video data in the shift register 

and the taps used for 2-bit-per-pixeI video. 

Figure 5c shows the bit ordering of video data in the shift register 
and the taps used for 4-bit-per-pixel video. 

30 

Figure 5d shows the bit ordering of video data in the shift register 
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and the taps used for 8-bit-per-pixel video. 

Figure 6 illustrates the timing relationship between video timing 
signals and the video reset signal which initiates the beginning of a live 
5 video frame. 
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DESCRIPTION OF THE PREFERRED FMBODIMENT(S) 

A computer with self-configuring video circuitry for connection to a 
variety of video display monitors is described. In the following description, 
5 numerous specific details are set forth such as clock frequencies, register 
sizes, bit designations, etc., in order to provide a thorough understanding of 
the present invention, it will be obvious, however, to one skilled in the art, 
that the present invention may be practiced without these specific details. 
In other instances, well-known circuits have been set forth in block diagram 

10 form to avoid unnecessarily obscuring the present invention. 

Although the present invention is described in its preferred 
embodiment in the Macintosh nci computer, manufactured by Apple 
Computer, it should be understood, of course, that the invention could be 
practiced in other computers and that numerous modifications may be made 

1 5 without departing from the spirit and scope of the present invention. 

Referring to Figure 1, a generalized block diagram of the currently 
preferred embodiment of the present invention is shown. Computer 
system 10 comprises a RAM-based video unit (RBV) 14 which provides 
video display signals for a variety of display monitors. RBV 14 comprises 

20 two basic parts: a video portion providing sync signals and data for 
different types of monitors (in the preferred embodiment, RBV circuit 
supports four different types of monitors), and a portion which emulates a 
versatile interface adaptor (VIA). 

The VIA portion contains a plurality of 8-bit registers for control of 

25 miscellaneous inputs and outputs, video control, RBV chip-testing modes, 
and interrupt handling. The CPU 13 communicates with these registers over 
an 8-bit bi-directional data bus that is separate from the 32-bit RAM data 
bus used by the video portion. This allows access to the registers, 
independent of video-portion activity on the separate RAM data bus. For 

30 the most part, the VIA portion of the RBV is unessential to the understanding 
of the present invention. Therefore, discussion of the VIA portion will bo 



confined to those elements which aid in the comprehension of the subject 
invention. 

RBV unit 14 is preferably manufactured as an integrated circuit (IC) 
using a metal-oxide-semiconductor (MOS) process; In particular, 
complimentary metal-oxide-semiconductor technology (CMOS). 

RBV 14 operates in conjunction with memory decode unit (MDU) 12 
and random access memory (RAM) 11. MDU 12 functions as a memory 
controller, arbitrating access to RAM 1 1 by RBV 14. MDU 12 is designed 
to provide a compatible interface between CPU 13. RAM 11, ROM 47 and 
I/O devices 45 (see Figure 2). In the currently preferred embodiment, 
CPU 13 is a MC68030 microprocessor manufactured by Motorola 
Corporation. 

RAM 1 1 has at least one bank of dynamic memory (DRAM) and is 
coupled to RBV 14 along 32-bit bus line 21. Preferably. RAM 11 has two 
separate banks of RAM driven directly by MDU 12. MDU 12 is coupled to 
RAM 1 1 along control line 52. RBV 14 and MDU 12 communicate with 
each other along lines 22-25. As will be discussed later, initial access to 
video data stored in RAM 11 is 5 CPU clocks followed by burst access of 
two clocks. Internally. MDU 12 comprises a state machine and address 
multiplexer associated with the control of bank A of RAM 1 1 in conjunction 
with video request signals provided by RBV 14. 

Frequency timing for dot clock generation is provided by three 
separate frequency sources 18-20. Each of these sources represents a 
crystal oscillator circuit operating at a characteristic frequency. Frequency 
sources 18-20 are coupled to RAM based video unit 14 along lines 37-39. 
respectively. The use of multiple frequency reference inputs is one way in 
which the invented computer adapts to different monitor types. Although 
three are shown, many more may be utilized without detracting from the 
spirit or scope of the present invention. Alternatively, a single 
programmable or adjustable clock source may be used instead of separate 
frequency sources 18-20. 



RBV 14 supplies video data to video digital-to-analog converter 
(VDAC) 26 along bus 29. VDAC 26 comprises a color look up table (GLUT) 
and a DAC, which, in the preferred embodiment, is the Bt478 device 
manufactured by Brooktree Corporation. VDAC 26 also receives dot clock, 
5 composite blank (CBLANK) and composite video sync (CSYNC) signals 
from RBV 14 along lines 30, 31, and 33, respectively. These signals vary 
according to the type of monitor used and are used to organize the video 
timing of the data on the monitor screen. VDAC 26 provides red, green and 
blue (RGB) color analog video signals to monitor 27 on line 36. Monitor 27 
10 may also receive video timing horizontal sync (HSYNC) and vertical sync 
(VSYNC) signals, or a composite sync (CSYNC) signal, from RBV 14. A 
monitor identification (ID) signal is provided to RBV 14 by monitor 27 along 
line 35. 

As mentioned, four different types of display monitors are supported 
15 by the currently preferred embodiment. One of these monitors is driven 
directly by RBV 14 while the others are driven through VDAC 26. Each 
monitor type identifies itself by grounding certain pins on the RBV. This 
automatically selects the appropriate pixel clock and sync timing 
parameters. The tour types of monitors presently supported by the preferred 
20 embodiment of the subject invention include: a 9" Macintosh SE (Mac SE) f 
a modified Apple ll-GS monitor, a Macintosh I1 12" B/W and 13" RGB 
monitor, and a 15" portrait monitor (B/W or RGB). 

Table 1 summarizes the monitor selected by the 3-bit monitor ID pins 
of line 35. Note that a separate pin is provided (not shown in Figure 1) on 
25 the RBV chip for driving a built-in 9-inch SE monitor. 
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TABLE 1 



5 


6E Pin 
on RBV 


MON 
ID3 


MON 
ID2 


MON 
ID1 


Monitor 
S«!*cUd 




|~GND 


0 


0 


0 


Unsupported monitor (drives built-in 9" SE monitor) 


10 


I GND 


0 


0 


1 


15" portrait monitor (B/W) 




| GND 


0 


1 


0 


Modified Apple ll-GS monitor 




Mac | QNO 


0 


1 


1 


Unsupported monitor (drives built-in 9* SE monitor) 




SE | 












| GND 


1 


0 


0 


Unsupported monitor (drives built-in 9 5t monnor; 


15 


| GND 


1 


0 


1 


15" portrait monitor (RGB) 




| GND 


1 


1 


0 


Mac II 12" BAW & 13" RGB 




|_GND 


1 


1 


1 


No external monitor (drives built-in 9" SE monitor) 




T+5V 


0 


0 


0 


Unsupported monitor (video halted) 


20 


| +5V 


0 


0 


1 


15' portrait monitor (B/W) 




| +5V 


0 


1 


0 


Modified Apple ll-GS monitor 




All | +5V 


1 0 


1 


1 


Unsupported monitor (video halted) 




Other | 












CPUs | +5V 


1 


0 


0 


Unsupported monitor (video halted) 


25 


| +5V 


1 


0 


1 


15" portrait monitor (RGB) 




| +5V 


1 


1 


0 


Mac II 12* B/W, 13" RGB 




L+5V 


1 


1 


1 


No external monitor (video halted) 



30 

Referring now to Figure 2, a detailed block diagram of RBV chip 14 is 
shown along with connections to computer motherboard 40. CPU 13 is shown 
coupled to various devices such as ROM 47, I/O devices 45, NUBUS 46 and 
VDAC 26 along CPU data bus 50 and CPU address bus 65. System memory is 

35 shown by two. banks of RAM, bank A (43) and bank B (42). Bank B RAM (42) is 
connected directly to CPU data bus 50, while bus buffer 44 can separate CPU 
data bus 50 from bank A RAM data bus 21 . In the currently preferred 
embodiment, bus buffer 44 is a commercially available 74F245 bus buffer. 
RBV 14 acts as the functional equivalent of a separate video card 

40 while being incorporated onto the motherboard as an integrated circuit. To 



achieve this functionality, bank A of the system RAM may be selectively 
decoupled from CPU data bus 50 by bus buffer 44. This allows sole access 
to bank A by RBV 14 along bank A RAM bus 21. Data stored in bank 43 of 
the system RAM is used by the RBV to feed a constant stream of video data 
5 to display monitor 27 during the live video portion of each horizontal scan 
line. RBV 14 asks the MDU 12 for data as it is needed; MDU 12 responds 
by disconnecting bus 21 from CPU data bus 50 and performing an 
8-long-word page-mode burst read from bank A RAM 43 to the FIFO 54 
located within RBV 14. Banks 43 and 42 are controlled by MDU 12 via 

10 RAM control bus 52. 

If a video burst is In progress, CPU access to bank 43 is delayed, 
effectively slowing down CPU 13. This effect varies depending on the size 
of the monitor and the number of bits per pixel. Note that only accesses to 
RAM bank A are affected by video. RAM bank B connects directly to CPU 
1 5 data bus 50 so that CPU 13 has full access to this bank at all times, as it 
does to ROM 47 and I/O devices 45. It is appreciated that the invention 
may be implemented without bank 42 or. alternative*, with additional RAM 
banks added on either side of bus buffer 44. Although the present invention 
would operate correctly without bank 42. the inclusion of bank 42 adds to 
20 the overall efficiency and performance of the computer system by providing 
a portion of memory dedicated to CPU 13. 

The video portion of RBV 14 comprises a 16 X 32-bit first-in-first-out 
(FIFO) memory unit 54. which also includes logic to keep the FIFO filled 
with RAM data and logic to arrange and shift that data out. RBV 14 also 
25 comprises latch 53 which Is used to strobe video data present on bus 21 
into FIFO 54 along load pointer line 55. Video data is unloaded from 
FIFO 54 on line 56 which Is coupled to bit-order arranger 57. Arranger 57 
is. in turn, coupled to shift register 59 on line 58. Shift register 59 shifts out 
the video data arranged by bit-order arranger 57 onto video data bus 29. 
30 Tap selector 60 connecting register 59 to bus 29 will be discussed later. 

Video FIFO 54 is divided into two halves, each containing eight 
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32-Wt long words. When the last data in a FIFO half has been used (or 
three long words earlier for a 13-Inch monitor at 8 bits per pixel or a 15-inch 
monitor at 4 bits per pixel). RBV 14 lowers Its data request output line 24 
(VID.REQ). This video request line instructs MDU 12 to disconnect bank A 
5 RAM data bus 21 from CPU data bus 50 by activating bus buffer 44. It also 
initiates a page-mode burst read of RAM data onto bus 21 as soon as 
possible. MDU 12 then strobes valid RAM data Into RBV 14. using the 
RBVs video data load input line 23 (VID.LD). Video load Input line 23 
controls latch 53. 

! o Each trailing edge of a VID.LD pulse latches a 32-bit long wort of 

BAM data Into latch 53. stores the latched data In FIFO 54, and then 
advances the input pointerto the next position in the FIFO. Data is input 
into video FIFO 54 along line 55 which originates from control latch 53. 
After the trailing edge of the sixth VID.LD pulse, the RBV raises its video 
1 5 data request line (VID.REQ) 24. If VID.REQ Is high before the trailing edge 
of the seventh VID.LD pulse. MDU 12 terminates the burst after reading one 
more long word (the eighth) and strobing K into the RBV. This fills the 
previously empty half of the FIFO. 

Meanwhile. In the other half of the FIFO the other 8 long words of 
20 data (loaded during the previous burst read) may be loaded Into shift 
register 59 along bus 58 in 16-bit quantities. After the 8 long words are 
loaded out of the second half of FIFO 54 (i.e.. the second half is empty), the 
next 8 long words from the first half of the FIFO (which has previous*, been 
toaded with video data) are loaded into shift register 59. During this time. 
25 the second half of FIFO 54 (emptied during the last series of loads) now 
receives updated video data from RAM bank A. The second half Is filled as 
described above and the entire process repeats Itself - the two halves of 
FIFO 54 alternately receiving data from RAM 43 and loading data Into sh,ft 
register 59. 

30 Shift register 59 has eight output taps coupled to tap selector 60. Tne 

data is advanced through shift register 59 one bit at a time by the dot clock 
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^gna. .pp.ar.og on In. 30. The ergh, o-pul laps m tocatod every Cher 
MM*. Ml "Sister »*. •-»•""* *»■"■ '.*•«» a, "" ,, 
MM «ps. the da* can appear a, the vktoo da* ou*u, bus eHher one bit at 
. «™ (Ml video), two bits m « M <H» video), tour bHs at a time (4** 
video), or eight bits at a time (8-bit video). 

Ot course, tor the data to appear In the correct order on the output 

tape, the slxtoen bits ntuet have been loaded Into ehlft register 59 In the 
J TOrt on J .rtor« J »nu m bero.blup.r««xe,setoc,ed.TNs l .«h.tonchon. f 

tK-order arranger 67 whtoh receives the worts Iron, F.FO 54 along In. 66 
,„„ also .he bH-per-pixe, totormtfion presen, on Ine 89. For l-blt-per-plxe. 
video, only .he M oufcu, ttp is ymt and m 16 bHs In the Mm have 
speared at that tap alter sixteen consecutive dot clocks. 

Conversely, for 6-bH video, all eight taps an, used and the 16 b,ts 
nave been «nt out to the m* o*pu< «nes o, video dato bus 29 mm* 
^ do, cto*. to any even,, when an 16 bits have been sen, .« , » vrdeo 
dato bus 29. «. next 1 6 b«s «. -ceded into shifter 59 from F.FO 54 and ^e 
F ,FO-s output pointer Is advanced. This even,u* empnes that halt ot the 
FIFO. The empty' han of FIFO 54 must thereafter be «lled by eno,her 
6-tong-word burst ot BAM data as described previously. 
!0 Retening now to Figures 5a through 5d, b» ordering, within shdt 

reg ,ster 69 are shown for 1 bit. 2 bits. 4 bits and 8 btts per pixel, 
fespectivety. As Is cleariy seen, tor l-bit-per-pixe, video «he bit ordenng 
Jos a, zero and corrirnu* mmmm up «. b» 15 which to tocated a, 
Z xero. Thus, to, 1« video fhe data Is loaded or advened eeou.r«-y 
25 . n on....h..lgh.«nes.nou,pu.datobus29. The othe, »»n Ines In that 

bus are driven high. - 
For M* vktoo. the odd numbered bits me MM <« the left hat, o, 

sh,8 regtoto, (I.e.. odd b,,s 1-15) ending at top I,* <- •*» 
num6 .r.d b»s 0.... even bris 0-14, are loaded ,n ,he righ, M of, ** 
30 r.gls.er.ndinga.topo. Again. «re outou, da,a bus r,nes cnneaed ,., 
unused taps are driven high. ^ 
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For 4-bit video, the bit ordering Is even more convoluted. As Is 
shown, the bit ordering Is such that bits 12. 8. 4 and 0 are shifted out ol 
tap 0 bits 14. 10. 6 and 2 are shitted out of tap 2. bits 13. 9. 5 and 1 are 
shifted out of tap 1 and bits 15. 1 1 . 7 and 3. In that order, are shifted out of 

tap 3. , 

For 8-bit video, all eight taps are employed in the following manner: 

,ap 0 shifts bits 8 and 0. tap 1 shifts bits 9 and 1 . tap 2 shifts bits 1 0 and 2. 

tap 3 shifts bits 1 1 and 3. tap 4 shifts bits 12 and 4. tap 5 shifts bits 1 3 and 5. 

tap 6 shifts bits 14 and 6 and tap 7 shifts bits 15 and 7. In that order. For 

8 .bH video all 16 bits have been shifted out after two dot-clock periods. 

Each of the taps shown in Figures 5a through 5d are coupled via tap 

selector 60 to video data output bus 29 (e.g.. VID.OUT) such that the most 

significant bit corresponds to V.D.OUT7 and the least significant bit 

corresponds to VID.OUTO. For example for 8-bit video, each long word is 

shifted out such that bit 31 appears at VID.OUT7 at the same time brt 30 

appears at VID.OUT6. bit 29 at V.D.OUT5. bit 28 at VID.OUT4. bit 27 at 

V.D OUT3. bit 26 at VID.OUT2, bit 25 at VID.OUT1 and bit 24 at VID.OUTO, 

and so on. 1-bit video appears on output pin VID.OUTO. while pins 

VID OUT1 through 7 are held high (they appear as ones). Each long-word 

20 from RAM is shifted out on VID.OUTO starting with bit 31 and continuing 

straight through to bit 0. as the monitor beam proceeds from left to nght. 

As shown in Figure 2. tap selector 60 is coupled to Une 89 to receive 

the number of bits per pixel to be output onto video data bus 29. Once each 

video frame - at the end of the vertical sync pulse - RBV 14 towers its 

25 video reset (VID.RES) output line 25 to reset the MDU's video address 

counter. Then, iust before the first line of live video, the RBV does two 

8 .|ong-word requests so that it starts out with video FIFO 54 completely full. 

Afterwards, the process continues as described above - where words are 

shifted out at the same time new video data words are shifted in. 

30 RBV 14 lowers Its VID.REQ line 24 when it is ready to accept 8 long 

WO rds of input data from RAM 43. From then on. it waits for the memory 
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control 1 2 to strobe data in. Data is strobed in by memory controller 1 2 
using the VID.LD fine 23. The RBV wii. wait MM* *>' *• video data to 
arrive (though it will eventual begin shifting out the FIFO's old data again. 
H H wans tong enough). It will accept any number of strobed-in long words 
even though that data may eventualiy begin overriding data that has not 
been shifted out yet if too many long-words are strobed in. 

After the sixth V.D.LD strobe. RBV 14 raises VID.REQ line 24. This 
occurs even if the next request for 8 long words is already pending. If 
V.D REQ line 24 has been raised before the end of the seventh V.D.LD 
strobe MDU 12 strobes one more long word (the eighth) Into the RBV unrt 
and then waits forthe next VID.REQ signal (which may occur any time after 
the end of the seventh VID.LD strobe). 

RBV unit 14 contains no information about screen mapping or v.deo 
addresses. H simply assumes that the memory controlier will give it correct 
data when requested, most often in 8-long-word groups. At the end of each 
vertical sync pulse. RBV 14 towers its VID.RES line 25 for the time between 
two horizontal sync pulses. The memory controller unit 12 uses this signal 
to reset its video address counter back to the beginning of the frame buffer. 
Similarly, memory controller unit 12 knows nothing about the v,deo 
, circuHry or any of «s parameters. When it senses the VID.REQ fine going 
tow H waits until any current bank A RAM cycle is over; then it signals the 
RAM bus buffers to tri-state. thereby disconnecting bus 21 from CPU data 
bus 50. Next, it begins a page-mode burst read of the RAM. 

Note that only three wires (VID.REQ. VID.LD. and VID.RES) are 
5 required for Interaction between MDU 12 and RBV 14. »™«*™°« 
need to store any information about memory or the MDU. Likewise. MDU 1 2 
has no requirements to know anything about video. Each simply 
communicates to the other according to the three-wire handshaking scheme 
described above. This feature greatly simplifies system design as well as 
0 theinternalarchitectureofboththeMDUandtheRBV. It also improves 
system flexibifity. The RBVcouto be replaced with a different video or other 



DMA-from-RAM device without affecting the MDU, or the memory 
addresses and organization could be changed without affecting the RBV, 
as long as the handshaking scheme is preserved. 

MDU 12 signals each long word of the burst read by dropping its 
VID.LD fine low for one CPU clock period. It continues the page-mode burst 
Indefinitely - stopping only one read after it sees the VID.REQ line 24 
return to a high state. The addresses that the MDU 12 supplies for the video 
burst reads start at address $0000 0000 and increment by 1 long word at 
each VID.LD. This continues indefinitely (using a 24-bit counter within the 
memory controller) until MDU 12 senses the VID.RES line 25 going low. 
When VID.RES (Video Reset) is taken low, the counter within MDU 12 is 
reset to $0000 0000. 

Referring now to Figure 4, a timing diagram showing the interaction 
between the RBV unit and the MDU's RAM control is given. Transition 101 
on the VID.REQ line begins the process of video data transfer from RAM 43 
to FIFO 54. Note that if the RAM 43 is engaged in a current RAM cycle with 
CPU 13, MDU 12 waits until that RAM cycle is over before signalling bus 
buffer 44 to tri-state. 

A new CPU RAM cycle is shown beginning at time 102. However, 
because VID.REQ line 24 has transitioned low, the CPU cycle is held off for 
twenty clocks by the 8-long-word video burst. The start of the video read 
cycle occurs at time 103. A minimum of five clocks after the VID.REQ line 
transitions low, video data stored in RAM Bank A begins to be strobed into 
FIFO 54. The first long word of video data is loaded on the positive-going 
transition 104 of the VID.LD signal. When VID.REQ transitions high at 105 
the MDU is alerted at the next positive-going transition of VID.LD to provide 
one more word of video data. The last word of video data is shown being 
loaded at transition 106. 

The end of the video burst read cycle occurs at time 107. Following 
that a continuation of the held-off CPU RAM cycle begins at time 108. It 
should be noted that a new video request can be initiated immediately after 
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MDU 12 detects VID.REQ being brought high at the next positive-going 
transition of VID.LD. This Is shown by the dashed low transition 109 in 
Figure 4. 

As discussed above, video shift register 59 is sixteen bits long and 
has taps located every two bits. For 8-bit video, all of the taps are used and 
each of the sixteen data bits appear at a tap after two pixel clocks. If no new 
data is loaded H takes fourteen more pixel clocks before ones are shifted out 
of the final tap. (Ones are shifted In to replace old. shifted out data bits). 

When horizontal blanking begins, the video shift register has 
completed its shifting operations so that all 16 data bits appear at one of the 
taps In use In the form of sixteen 1-bit pixels, eight 2-bit pixels, four 4-bit 
pixels, or two 8-blt pixels. Horizontal blanking prevents the loading of new 
data into the shift register. The shifter, however, which is clocked by the dot 
clock and therefore is always shifting, continues to shift out old data until it 
is entirely filled with ones. RBV 14 continues to send out old data for 
fourteen pixel clocks In 8-blt mode, twelve pixel clocks In 4-blt. eight pixel 
clocks in 2-blt. or zero pixel clocks in 1-bit mode. From then on. it shifts all 
ones until it is once again loaded with new data. Since the Macintosh SE 
uses only 1-bit video, there Is no old data to shift out after blanking starts. 
On other computers, the composite blanking signal (CBLANK), which is 
provided on line 61 (see Figure 2) and is input into VDAC 26. prevents any 
old data from appearing on the screen. 

Vertical blanking takes place after horizontal blanking starts and after 
the FIFO 54 Is loaded with one more 8-long-word burst of data from 
bank 43. Those 8 long words are never loaded into shift register 59. which 
(after shifting out any old data still in it) continues to shift ones all during 
vertical blanking. Fairly early into the vertical blanking sequence all 
pointers are reset and VID.RES is lowered, resetting the MDU's video 
address counter. Then, about two lines before the end of vertical blanking. 
FIFO 54 is loaded with 16 long words of new data which replaces any data 
previously loaded in preparation for the start of live video. 
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The video sync signals (which include HSYNC, VSYNC. CSYNC 
and CBLANK) are generated by video counter unit 69. Video counter 
unit 69 comprises a series of programmable polynomial counters of a type 
which are well-known in the art for use in generating video timing signals. 

5 The video counters of unit 69 are self-configuring in the sense that once 
provided with the monitor type and the bits-per-pixel requirement, video 
counter unit 69 can then provide the correct timing signals for the 
associated display or monitor. 

Referring to Figure 3, standard horizontal and vertical timing 

10 waveforms - showing the relationship between the horizontal blanking, live 
video, horizontal sync, vertical blanking, lines of vertical live video and 
vertical synchronization signals - are provided. As is known to 
practitioners in the art, each of the parameters associated with the 
horizontal and vertical timing are dependent on the type of display or 

15 monitor used. 

Monitors supported by this video system provide identification (ID) of 
their type through a digital code present on a set of external lines or pins. In 
the present invention, monitor 27's ID pins are coupled to monitor 
parameters register 71 on 3-bit line 35. Monitor type is provided to video 

20 counter unit 69 and MUX 88 along line 87. Bit-per-pixel information is 
provided by register 71 to unit 69 and arranger 57 on line 89. 

Software can read the monitor type in register 71, and can read or 
write the number of bits per pixel in the same register. A decode of the 3-bit 
monitor ID type selects one of four fixed parameter sets - one set for each 

25 monitor supported. These parameter sets are •hardwired" in the chip and 
provide signals HSYNC, VSYNC, etc. The only programmable parameter is 
bits-per-pixel. 

In an alternative embodiment, register 71 or its equivalent may be 
fully programmable. This would give the system the capability of setting a 
30 large number of display parameters - the only limitation being the size of 
register 71 *s internal storage size. In that case, the monitor ID bits would be 
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decoded by software, which would then write into register 71. providing i 
of the correct parameters for the associated display. 

The following table summarizes the relevant timing parameters 
supplied by the RBV (and illustrated in Figure 3) for the four types of 
monitors supported by the currently preferred embodiment of the present 
invention. 
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TABLE 2 



5 




9" Mac SE 


Modified 
Apple ii-oo 
RGB 


12-B/W 
ana 10 
RGB Mac II 


15' Portrait 




HBLANK 


192 dots 


128 dots 


224 dots 


192 dots 




Live Video (Horiz) 


512 


512 


640 


640 


10 


Full Line 


704 


640 


864 


832 




Front Porch (Honz) 


4A 


1R 
•o 


64 


32 




HSYNC 


288 


32 


64 


80 




Back Porch (Horiz) 




80 


96 


60 


15 


VBLANK 


28 lines 


23 lines 


45 lines 


48 fines 




Uvg Video (Vert) 

uvo • www V / 


342 


384 


480 


870 




Full Frame 


370 


407 


525 


918 




Front Porch (Vert) 


0 


1 


3 


3 




VSYNC 


4 


3 


3 


3 


20 


Back Porch (Vert) 


24 


19 


39 


42 




Dot Clock 


15.6672MHz 


15.6672MHz 


30.24MHz 


57.2832MHz 




Dot 


63.83nS 


63.83nS 


33.07nS 


17.457nS 




Line Rate 


| 22.25KHZ 


24.48KHZ 


35.0KHZ 


68.85KHZ 


25 


Frame Rate 


60.15Hz 


60.15Hz 


66.67Hz 


75Hz 



With reference to Figure 6, the relative timing of the various sync 
30 signals is shown together with the VID.RES reset signal. As can be seen in 
Figure 6. between the last two horizontal sync pulse periods in VSYNC, 
video counter unit 69 lowers VID.RES line 25 to reset memory controller 
unit 12*s address counter. This occurs at transition 1 10 of Figure 6. 
VID.RES is returned high simultaneous with the low-to-high transition of the 
35 VSYNC signal. Then, just before the first line of live video, RBV 14 does 
two 8-iong-word requests so that it can start out the frame with a full FIFO. 

As discussed above, monitor 27 provides a 3-bit identification code 
along bus line 35 to monitor parameter register 71 . RBV 1 4 then selects the 
appropriate video timing and sync parameters for video counter unit 69. Bit 



per pixel information is also provided to bit arranger 57 and video counter 
unH 69 on line 89. Unit 69 includes a plurality of polynomial counters of a 
variety well-known in the art. Using the decoded monitor type, the RBV sets 
these counters to produce video timing signals according to Table 2 for the 

5 associated monitor. 

Monitor type information is also supplied on line 87 to multiplexer 88. 
Depending on the type of monitor that is connected to the computer system, 
multiplexer 88 will select one of the three dot clocks supplied either by 
oscillator 18, 19 or a divide-by-two of the clock from oscillator 20. 

1 o (corresponding to frequencies 30.2400, 57.2832, and 1 5.6672 MHz, 
respectively). The divided clock from oscillator 20 is provided to 
multiplexer 88 on line 41. 

For instance, if the monitor identification code identifies monitor 27 as 
a modified Apple ll-GS RGB display, then MUX 88 will select the 

1 5 corresponding clock signal on line 41 . (i.e.. 1 5.6672 MHz) as the dot clock 
to be supplied on line 30 to VDAC 26. shift register 59 and video counter 
unit 69. (Clock generator 66 is used to divide frequency reference 20 
appearing on line 39 by half to generate the correct dot clock frequency on 
line 41. Clock generator 66 also provides input/output (I/O) clocking for I/O 

20 devices 45). 

Alternatively, if the display identification indicates that the display is 
a 12-inch black and white or 13-inch RGB Mac II, then frequency reference 
block 18 (i.e., 30.2400 MHz) on line 37 will be selected by MUX 88. If the 
15-inch portrait monitor were being used, MUX 88 would select frequency 
25 reference 19 (i.e., 57.2832 MHz) present on line 38. 

Table 3 summarizes the video signals driven or halted for the various 

monitors. 
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TABLE 3 



5 


SE* 


MON 
ID'S 


Monitor 
Selected 


signals 
Driven 


Qtnnalt 
oiy noil 

Stopped 


10 


0 
0 
0 
0 


000 
100 
011 
111 


9"SE 


V!D.OUT(0-7) 
CBLANK 
SE.HSYNC 
VSYNC 


HSYNC - 1 
CSYNC » 1 


15 


0 
1 
0 
1 


001 
001 
101 
101 


15" Portrait (B/W) 
15' Portratt(RGB) 


VID.OUT(0-7) 
CBLANK 
HSYNC 
VSYNC 


SE.HSYNC « 1 
CSYNC - 1 


20 


0 
1 


010 
010 


Modified ll-GS 


VID.OUT(0-7) 

CBLANK 

CSYNC 


SE.HSYNC - 1 
HSYNC - 1 
VSYNC « 1 


25 


0 

1 


110 
110 


12" B/W, 13" RGB 


VID.OUT(0-7) 

CBLANK 

CSYNC 


SE.HSYNC « 1 
HSYNC - 1 
VSYNC - 1 


30 


1 
1 
1 
1 


000 
100 
011 

111 


Video hatted 


None 

<• 


VID.OUT(0-7) m Vs 
CBLANK m 0 
CSYNC - 1 
SE.HSYNC - 1 
HSYNC - 1 
VSYNC - 1 



35 



It should be understood that a greater number of monitors can be 
accommodated simply by expanding the number of frequency sources 
and/or the size of the associated registers and lines. 

40 Accordingly, while this invention has been described with reference 

to Illustrative embodiments, this description is not intended to be construed 
in a limiting sense. Various modifications of the illustrative embodiments, as 
well as other embodiments of the invention, will be apparent to persons 
skilled in the art upon reference to this description. For example, as an 

45 alternative to hardwiring each parameter set, a plurality of programmable 
registers m«y 'oe used instead, allowing software to set each of the 
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parameters associated with each monitor type. H is therefore contemplated 
that the appended claims cover any such alternations or modifications as 
fall within the scope and spirit of the invention. 



Thus, a computer with self-configuring video circuitry adaptable for a 
variety of display monitor types has been disclosed. 
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CLAIMS. 



1. a computer comprising: 

a central processing unit (CPU) for executing a program to provide 
video data for display on a monitor; 

a random-access memory (RAM) for storing said video data; 

a programmable video circuit for providing video timing signals to 
said monitor and for transferring said video data from said RAM to said 
monitor for display thereon, said monitor providing a signal to said video 
circuit which identifies the video timing requirements of said monitor, said 
signal configuring said video circuit to be compatible with said requirements 
of said monitor. 

2. A computer comprising: 

a central processing unit (CPU) for executing a program to provide 
video data for display on a monitor; 

a random-access memory (RAM) for storing said video data; 
means for transferring said video data from said RAM to said monitor for 
display thereon, said monitor providing a signal which identifies the type of 
said monitor; 

a register means for decoding said signal and selecting a set of 
monitor parameters associated with said type of said monitor; 

a frequency source providing a plurality of frequency references; 

dot clock generator means for producing a dot clock signal from said 
plurality of frequency references in response to said signal, said dot clock 
signal being compatible with said type of said monitor; 

video timing circuitry for producing video timing signals to said 
monitor, said circuitry being configured by said monitor signal such that 
said video timing signals art* compatible with said type of said monitor. 
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3. The computer according to Claim 2 wherein said set of monitor 
parameters Includes the number of bits per pixel of said video data provided 
by said transfer means to said display. 

4. The computer according to Claim 3 wherein said dot clock 
generator means is programmable. 

5. The computer according to Claim 3 wherein said dot clock 
generator means comprises a multiplexer having a plurality of inputs 
coupled to said plurality of frequency references, and an output for 
providing said dot clock signal. 

6. The computer according to Claim 5 further comprising a video 
digital-to-analog converter for receiving said video timing signals and said 
video data and for producing red, green and blue color information 
therefrom to said monitor. 

7. A computer which provides video signals for display on 
various types of monitors, each of said monitors providing a signal which 
identifies the type of the monitor, said computer comprising: 

storage means for storing monitor parameter information associated 
with each of said type of said monitors used for displaying video data, said 
storage means selecting a set of monitor parameters associated with said 
type of said monitor in response to said signal; 

dot clock generator means coupled to said storage means for 
producing a dot clock signal associated with said type of said monitor; 

video timing circuitry coupled to said storage means and clock 
generating means for producing video timing signals associated with said 
type of said monitor, said video timing signals and said video data being 
coupled to said monitor. 
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8. The computer of Claim 7 further including a video 
digital-to-analog converter for receiving said dot clock signal, said video 
timing signals and said video data, and for producing red, green and blue 
color display information to said monitor. 

9. A computer for displaying video data on a monitor which 
provides a signal identifying the type of said monitor, said computer 
comprising a random-access memory for storing said video data and a 
video circuit for providing video timing signals to said monitor and for 
transferring said video data from said RAM to said monitor for display 
thereon, said circuit self-configuring said video timing signals to be 
compatible with said type of said monitor in response to said signal. 

10. A computer substantially as hereinbefore described 
with reference to the accompanying drawings. 
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